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SLOTTED SCREEN FOR DIGESTER 

Cross-reference to related applications 

/ [0001] This application is a continuation-in-part of application no. 10/193,500, filed 
July 11,2002. 

Field of the invention 

j [0002] The invention relates to digesters for wood-chips, and especially to a slotted 
screen for use in such a digester. 

Background of the invention 

J [0003] A digester is a vessel in which wood chips are treated with heat, liquid, and 
chemicals in order to break down the chips into a pulp that can be further processed 
into paper, paperboard, or the like. The digester is typically an upright cylinder with 
a conically tapering or domed top end. A batch of wood chips may be loaded into the 
digester and then pulped, or wood chips may be continuously loaded in at the top end 
and pulp continuously removed at the bottom. The cooking liquor is continuously 
pumped into and out of the digester, so that its temperature and chemical content can 
be maintained. 

J [0004] In order to allow free circulation of the cooking liquor into and out of the 
digester, while keeping the chips within the digester, perforated metal screen plates 
are provided, spaced a short distance inward from the walls of the digester. These 
screen plates define and separate a central volume, containing the wood chips, and an 
annular space, acting as a manifold by means of which the liquor can be distributed 
and collected. The screen plates are typically made of stainless steel, and the 
perforations in the screen plates are typically circular holes. 
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[0005] For practical reasons, the screen typically consists of a circle of from 16 to 
24 panels, each individually mounted on and removable from supports within the 
digester. The panels are usually curved so that they together form a cylinder or a 
truncated cone, depending on where in the digester they are to be installed. For 
example, in the conical top of a digester there may be 20 panels, each about 60" (1 .5 
m) long, 6.5" (165 mm) wide at the narrow end, and 20" (500 mm) wide at the wide 
end, forming a cone about 40" (1 m) in diameter at the narrow end and about 125" 
(3.25 m) in diameter at the wide end. The panels may instead be rectangular or 
trapezoidal, forming a multi-sided prism or pyramid. These panels are easier to 
fabricate and, especially if the number of panels in the circle is large, form an 
adequate approximation to a cone or cylinder for many purposes. 

[0006] As an alternative to holes, it has been proposed to use screen plates with 
straight slots angled obliquely. Examples of such screen plates are shown in U.S. 
Patents No. 6,039,841 (Hernesniemi) and 6,165,323 (Shearer), both assigned to 
Ahlstrom. 

Summary of the invention 

[0007] The present invention in one aspect provides a digester screen with curved 
slots. The slots have a nominal width of from 2.25 mm (0.089") to 10 mm (0.4"), 
preferably around 4.5 mm (0.175") to 5 mm (0.2"). The slots are most preferably 
substantially circular arcs with a radius of curvature of from 0.75" (19 mm) to 3" (75 
mm), preferably around 0.875" (22 mm) to 1.25" (31 mm) or around 1.5" (38 mm). 
The slots may be formed with both sides in curves of equal diameter. In that case, the 
centers of curvature of the two sides are preferably separated by the nominal width of 
the slots. The slots are then of their nominal width at the center, and slightly 
narrower at the ends. 

[0008] The slots may have semicircular ends, and may have a length of from 1 " (25 
mm) to 3" (75 mm) preferably around 1 .25" (3 1 mm) to 1 .5" (38 mm) between 
imaginary parallel lines tangent to the ends of the slot. Each slot is preferably 
oriented approximately square on to the lengthwise direction of the digester, with its 
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concave side towards the top of the screen). The exact alignment is not critical, and 
for ease of manufacture all the slots in one panel of a screen may be aligned 
perpendicular to the center line of the panel. The slots are preferably arranged in 
lengthwise rows, with a pitch spacing of from 0.35" (9 mm) to Va" (19 mm), 
preferably around 3 / 8 " (9.5 mm) to 0.447" (1 1 .35 mm), and a gap of from "/■" (3 mm) 
to !4" (12.5 mm) between rows. At the sides of a tapered panel for a conical screen, 
some of the slots will be truncated. Those slots are preferably arranged with their 
inner ends in the position dictated by the regular array of slots, and their outer ends 
terminating in a semicircular end wherever they meet the edge of the slotted part of 
the screen plafe. 

[0009] The present invention in another aspect provides a digester screen with slots 
that open from a nominal width towards both faces of the screen plate. The slots 
preferably have their nominal width for the middle half of the thickness of the screen 
plate, and widen with a half-angle of taper of from 5° to 30°, preferably from 10° to 
20°, especially around 15°, for preferably around a quarter of the thickness of the 
sheet on each side. Thus, if the sheet is l A" (6.35 mm) thick, the slot will have a 
parallel-sided section of the nominal width for '/s" (3.2 mm) and two tapered sections 
each 1/16" (1.6 mm) deep. 

[0010] By reducing or increasing the radius and varying the slot opening, the size of 
particle allowed to pass through the screen is determined. This allows the designer 
of an individual plant control over the screening size of material being screened. The 
width of the slots is used to control the maximum thickness of the particles that can 
pass through, and the radius of the slots is used to control the maximum width of the 
particles that can pass through. Control over particulate size can thus be dramatically 
increased, as compared to a screen with straight slots. 

[0011] The curved slots are also found to be much more effective in resisting 
plugging than the conventional cylindrical holes. The slot design allows sideways 
movement of any material lodged in the slot, under the influence of the vertical 
movement or agitation of the liquor in the digester, or blowing of pulp from a batch 
digester. The movement of the pulp within the digester across the slots produces a 
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wiping effect on the slots, and on any particles lodged in the slots. The curved shape 
of the slots enhances this effect, by presenting a range of slot angles to any direction 
of liquid flow and, in particular, because the slots are not perpendicular to the normal 
downward flow of the chips along their entire length. 

Brief description of the drawings 

[0012] For purposes of illustrating the invention, the drawings show one or more 
forms in which the invention can be embodied. The invention is not, however, 
limited to the precise forms shown unless such limitation is expressly made in a 
claim. In the drawings: 

[0013] Figure 1 shows a schematic elevational view of a digester. 



I [0014] Figure 2 shows a developed view of a screen plate for the conical part of a 
digester. 

[0015] Figure 3 is a view similar to Figure 2, showing the frame on which the screen 
plate is mounted. 



[0016] Figure 4 is a section along the line 4-4 in Figure 3. 

^ [0017] Figure 5 shows an enlarged developed view of one of the screen sections of 
the screen plate shown in Figure 2. 

^ [0018] Figure 6 is a side view of an alternative form of screen panel. 

I [0019] Figure 7 is a further enlarged detail of Figure 5. 

V [0020] Figure 8 is a section along the line 7-7 in Figure 7. 

^[0021] Figure 9 is a view similar to Figure 8 of an alternative form of screen. 

\ 

[0022] Figure 10 is a view similar to Figure 8 of a further form of screen. 
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Detailed description of the drawings 

[0023] Referring to the drawings, and initially to Figure 1, one form of digester 
indicated generally by the reference numeral 10 has a generally cylindrical body 12, 
mounted in an upright position, with conical top and bottom ends 14 and 16. The 
body 12 is typically about 12 to 16 feet (3.5 to 5 meters) in diameter, and the digester 
is typically about 40 to 70 feet (12 to 20 meters) high. 

[0024] An inlet 1 8 for wood chips to be digested is provided at the center of the top 
end 14. An outlet 20 for digested wood chips, which also serves as an inlet for liquor 
during the cooking cycle, is provided at the center of the bottom end 16. Further 
inlets 22 and outlets 24 for cooking liquor are provided in the top end 14 and the 
cylindrical body 12, respectively. In use, the liquor inlets and outlets are connected 
by appropriate pipe-work to pumps, heaters, and other apparatus for maintaining the 
temperature, pressure, flow rate, and chemical composition of the circulating liquor. 
All of that apparatus may be conventional and, in the interests of conciseness, is not 
further shown or described here. 

[0025] In order to prevent the wood chips from entering the liquor circulation 
system, the inlets and outlets 22 and 24 are covered by perforated metal screens 26 
and 28, respectively. The screen 26 is generally conical, conforming to the conical 
shape of the top end 14 of the digester 10. The screen 28 is generally cylindrical, 
conforming to the cylindrical shape of the body 1 2 of the digester. In order to 
promote an even distribution of liquor around the digester 10, the screens 26 and 28 
are spaced inward from the walls of the digester 10, forming an annular plenum 30. 

[0026] For practical reasons, each of the screens 26 and 28 preferably consists of a 
number, typically 1 8 to 24, of screen panels 32 and 34, respectively. The panels 32 of 
the screen 26 are trapezoidal, each forming an identical wedge of the conical screen 
26. As will be explained in more detail below, the panels 32 are preferably curved, so 
that they form sectors of a frustoconical screen surface. Instead, the panels 32 may be 
flat, so that they in fact form an 18 to 24 sided truncated pyramid. Similarly, each of 
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the panels 34 of the screen 28 is preferably a sector of a cylinder, but the panels 34 
may instead be flat, so that the screen 28 is an 18 to 24 sided prism. 

[0027] In operation of the digester 10, wood chips are loaded in through the top inlet 
18. Liquor may also be introduced through the top inlet at this time. Once the chips 
have been loaded, the digester is closed, and the cooking cycle begins. The process 
of digesting wood chips is well known and, in the interests of conciseness, is not 
further described here. During the cooking cycle, hot liquor is typically introduced 
into the digester through the inlets 20 and 22 and removed through the outlets 24. 
However, the liquid flow pattern may be reversed or otherwise varied. 

[0028] Referring now to Figures 2 to 4, one form of screen panel 32 for the conical 
top 14 of a digester 10 comprises a screen plate indicated generally by the reference 
numeral 40. In use, the panel is shaped as a sector of a truncated cone, but in the 
interests of clarity is shown in the drawings developed onto a plane. The screen plate 
40 consists essentially of six slotted sections 42, 44, 46 separated by imperforated 
areas 48, 50, 52 and with imperforated borders 54, 56, 58 for mounting on a frame 
indicated generally by the reference numeral 60. The screen plate consists of a sheet 
of Va 9 (6.35 mm) thick stainless steel, preferably duplex 2205. For ease of design and 
fabrication, the slotted sections are trapezoidal. To adapt the trapezoidal shape of the 
slotted area to the conical shape of the finished panel, the borders 54 and 56 at the 

ends of the screen-plate are broad, and have curved outer ends. 

\. 

[0029] The frame 60 comprises longitudinal edge members 62, a longitudinal center 
member 64, and cross members 66, which define between them spaces 
corresponding to the slotted areas of the screen plate 40. The frame members rest 
against the wall of the digester, ensuring the location of and support for the screen 
plate, but have parts cut away, as shown at 70 in Figure 4, to allow liquor to circulate 
through them as desired. As may be best seen from Figure 4, the frame members 62, 
64, 66 are wider perpendicular to the screen plate than parallel to the screen plate, so. 
that they define a substantial space between the outside of the screen plate 40 and the 
inside of the digester wall within which liquor can circulate. It will be appreciated v 
that, by providing some frame members with cutouts 70 and some without cutouts, 
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the annular space between the screen plates 40 and the digester wall may be 
subdivided into distinct sections as desired. These sections may then be used as 
manifolds for inlets and outlets for cooking liquor in accordance with the design of 
the particular digester. 

[0030] At each end of the panel, the frame comprises a plate 72 that in use lies flat 
against the wall of the digester, and is clamped down to hold the panel in place. The 
arrangements for clamping the panel may be conventional and, in the interests of 
conciseness, are not further described here. At the end of each clamping plate 72 
nearer the middle of the panel, an angled fairing plate 74 connects the clamping plate 
to the level of the radially inner edges of the frame members 62, 64, 66. The fairing 
plates 74 follow the curve of the clamping plates 72. When the screen panel is 
assembled, the broad end borders of the screen plate 40 cover the space between each 
fairing plate 74 and the nearest frame cross member 66. The unperforated parts of the 
screen plate 40 may be welded to the frame members 62, 64, 66, and 74. 

[0031] Referring now especially to Figure 5, one form of screen panel 34 for the 

cylindrical screen 28 in the body 12 of the digester 10 is generally similar in 

construction to the screen panels 32 described with reference to Figures 2 to 4. 

However, because the screen panels 34 are substantially rectangular, the longitudinal 

members 62' are parallel, and the clamping plates 12\ and the fairing plates 74' are 

not curved towards the ends of the panel. Instead, the inside of the digester 10 may 

n 

be provided with flat seats for the screen panels 34. < As shown in Fig. 5, the 
longitudinal members 62 5 are slightly tapered, and are narrower at one end 76, which 
is the upper end when the screen panel 64 is installed in the digester, than at the other 
end 78. The angle of taper may be around 1°. This results in the inner face of the 
screen plate 40' facing slightly above the vertical, so that the wood chips descending 
through the digester tend to wipe over the screen plate, rather than falling past it. 
This wiping action is believed to assist in clearing away any chips that may become 
lodged in the slots in the screen plate. 

[0032] Referring now especially to Figures 6 to 8, a typical one 42 of the slotted 
areas of the screen plate 40 has numerous curved slots 80, arranged in rows 82 
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^ separated by unslotted lands 84. The slots are arranged with their end-to-end extent 
perpendicular to the axial centerline of the screen plate 40, and with their concave 
sides facing towards the narrow end of the screen plate. The rows 82 and the lands 84 
run parallel to the axial centerline of the screen plate 40. As a result, the outermost 
row 82 is cut off obliquely by the outer unperforated border 58. The slots 80 in that 
row, to the extent that they are within the slotted area, follow the regular pattern of 
slots. The slots in alternate rows 82 are offset axially from one another by half the 
slot pitch. The slots in the screen plate 40' of the panel 34 are similar, except that 
because the screen plate 40' is rectangular or nearly so, the outermost row of slots is 
not cut off obliquely. The slight taper in the panel 34 can be accommodated by the 
width of the unslotted margin of the screen plate 40', or by the mounting of a 
rectangular screen plate 40' on the frame of the screen panel. 

• [0033] Each slot 80 may be an arc of a circle of approximately 1 .5" (38 mm) radius 
and 0.197" (5 mm) wide, with semicircular ends 96. Each slot has a chord length 
(measured along a straight line between notional parallel tangents to the two ends) of 
approximately 1 .5" (38 mm). As shown in Figure 7, if the slots are cut out, it may be 
preferred to form the sides 88, 90 as arcs of equal radius with offset centers. The 
centers 92, 94 of the arcs 88, 90 are then 0.197" apart, and the slots are then 0.197" 
wide in the middle, and slightly narrower towards the ends. The pitch spacing of the - 
slots 80 (see Figure 6) along each row 82 is then approximately 0.447" (1 1 .35 mm). 
The lands 84 separating the rows of slots are approximately 0.125" (3 mm) wide 
between the notional lines tangent to the ends of the slots 80 on either side. 

^ [0034] The size of the slots is determined by the size of the chips that need to be 
handled in a particular application. For fine chips, for example, slots with a radius of 
V to 1.25" (22 to 30 mm) and a width of 0.125" to 0.156" (3 to 4 mm) may be 
appropriate. The preferred shape of the slots is substantially an arc of a circle because 
the curve prevents a thin, flat chip from passing through by aligning itself with the 
slot. If the slot were of a more complicated shape it would be the maximum radius 
that would determine the largest chip that could pass through. Thus, circular arc slots 
allow a less delicate construction than other shapes for a given chip size. 
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>l [0035] Alternatively, each slot 80 may be an arc of a circle of approximately 1" (25 
mm) radius and 3 /i 6 " (4.75 mm) wide, with semicircular ends 96. Each slot has a 
chord length (measured along a straight line between notional parallel tangents to the 
two ends) of approximately 1.25" (38 mm). As shown in Figure 7, if the slots are cut 
out, it may be preferred to form the sides 88, 90 as arcs of equal radius with offset 
centers. The centers 92, 94 of the arcs 88, 90 are then 3 /i 6 " apart, and the slots are 
then 3 /ie" wide in the middle, and slightly narrower towards the ends. The small 
radius allows the slots to subtend an arc of up to approximately 83°, depending on the 
exact chord length, at the center 92. A smaller radius minimizes the length of chip 
that can slip through if it is aligned along the curve. Long slots make it easier to 
achieve a high overall percentage of open space within the screen. However, if the 
angle subtended by each slot is too great, strength and rigidity may be compromised. 
The dimensions mentioned are presently believed to be close to optimal in a typical 
case, but some variation will be appropriate, depending on the conditions prevailing 
in an individual digester. 

^[0036] The pitch spacing of the slots 80 (see Figure 6) along each row 82 is then 
approximately 3 / 8 " (9.5 mm). The lands 84 separating the rows of slots are then 
typically approximately 0.188" (4.75 mm) wide between the notional lines tangent to 
the ends of the slots 80 on either side. This allows a total of 50% to as much as 55% 
of the screen surface to be open space. This configuration of the slots is especially 
suitable for the screen panels 34 shown in Figure 5. 

[0037] The number of slots is determined by the required liquor flow rate through 
the screen 26 and the acceptable pressure drop across the screen, taking into account 
both the power consumption of the pumps that must generate the necessary pressure 
and the mechanical strength of the components that must support that pressure. A 
large safety margin, typically a safety factor of 2 or 2 l A, is included in the design, to 
allow for the fact that there may be significant obstruction of the slots by chips being 
processed. 

[0038] Referring now especially to Figure 8, each slot has the nominal width of 3 /i6" 
or 0.197" only through the middle half of the thickness of the metal sheet forming 
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the screen plate 40. Towards both faces of the screen plate, the slot is widened by 
sloping surfaces 96 with a half angle of taper of 1 5° over approximately a quarter of 
the thickness of the sheet. The slots 80 are thus approximately 0.23" (5.8 mm) wide 
where they open out through the surface of the sheet. The slots may be formed by 
water-jet cutting, followed by machining to shape. 



[0039] Surprisingly, it has been found that the curved slots and the slots widening 
towards both faces of the screen plate, and especially the combination of slots that 
both are curved and widen towards both faces of the screen plate, substantially 
reduces clogging of the screen by wood chips being digested. Without wishing to be 
limited to any particular theory, it is believed that wood chips lodge less readily in 
the curved slots than in straight slots or circular holes. It is believed that the widening 
shape of the slots allows any chips or pulp that have accumulated to be more easily 
dislodged by the wiping action of chips moving past the slot, especially in a 
continuous digester where there is a constant downward movement of chips. It is 
believed that the narrowing taper of the upstream ends of the slots accelerates the 
liquor flowing through the slots, while the widening taper of the downstream ends of 
the slots makes any trapped material easier to dislodge. The combination of these 
effects, which requires slots that are tapered at both sides of the plate and that are 
back-washed by serving as inlet screens for part of the digester cycle, enhances the 
washing action of the liquor flow to dislodge chips in the downstream ends of the 
slots. 



[0040] It is found that if chips are allowed to remain lodged in the slots for a 
prolonged period of time, they tend to "bake on" to the screen, and must be either 
mechanically or chemically removed. It may therefore be preferred to adopt a flow 
sequence that includes comparatively frequent short periods of back- washing. 
Further, because the design of the slots 80 may permit an accumulation of larger 
chips on the inside of the screen 32 or 34, frequent back-washing may be preferred in 
order to keep the proportion of the slot area that is obstructed, and thus the pressure 
drop and flow impedance across the screen 32 or 34, within the designed operating 
range of the digester. In a batch digester, the normal sequence of operation typically 
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uses the screens 32 and 34 as inlets and outlets at different parts of the batch cycle. 
This results in the screens being back- washed several times a day in normal use, 
which is found sufficient to keep them clear. In a continuous digester, the liquor flow 
through the screens is typically continuously outward. In such a digester, back- 
washing normally needs to be effected specifically by intermittently reversing the 
liquor flow. Those skilled in the art will understand how this may be done without 
unduly disrupting the continuous digestion process. 



[0041] It will also be appreciated that the liquor used in the digester is re-circulated 
as much as possible, and the re-circulated liquor may carry with it solid bodies barely 
small enough to pass through the slots. Such solid bodies may lodge in the upstream 
ends of slots that are serving as inlets for the re-circulated liquor into the digester, 
which will consequently also benefit from back-washing by being used as outlets. 



[0042] The shape of the slots also presents a lower resistance to liquor flow than 
conventional circular holes. This means that, for a given flow resistance, a lower 
proportion of the screen plate is needed for the open area of the slots than would be 
needed in the case of circular holes, and a higher proportion can be the metal 
between the slots. As a result, screen plates according to the present invention can be 
made considerably stronger than equivalent conventional screen plates. 



[0043] Referring now to Figure 9, in an alternative embodiment of the screen the 
slots 80 may have sloping surfaces 96 only at one face of the screen plate 40, and 
may have parallel sides extending out to the other face of the screen plate. In this 
embodiment the sloping surfaces 96 may have a half angle of taper of 15° and extend 
over up to half the thickness of the screen plate 40. Thus, if the screen plate 40 is l A" 
(6.3 mm) thick and the slots have a nominal width of 0.197" (5 mm), the width 
between the tapered surfaces at the surface of the plate may be 0.264" (6.7 mm). If 
the screen plate 40 is Vi" (6.3 mm) thick and the slots have a nominal width of 3 /\t" 
(4.75 mm), the width between the tapered surfaces at the surface of the plate may be 
0.255" (6.5 mm). 
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[0044] The screen plate 40 shown in Figure 9 may be positioned with the widened 



ends of the slots 80 at the outside face, if the screen plate is used as an outlet for 
liquor. This arrangement is found to be especially advantageous for the form of 
screen panel 34 shown in Figure 5, especially in combination with the 1" (25 mm) 
radius slots described above. The combination of slots of small radius, no widening 
at the inner ends of the slots, and the 1° angling of the screen plate is found to reduce 
plugging of the slots. Any wood chips that become lodged in the narrow inner ends 
of the slots may be dislodged from the slots by back-washing. 



[0045] Referring to Figure 10, at times it is preferable to fully taper the slot, through 
the entire thickness of the screen plate. The screen plate 40 may be i/i" (6.3 mm) 
thick, and the slots have a radius of 7/8" and a nominal width of 0.187", with a 7° 
angle of taper for the full !4" of the plate thickness. The probability is then increased 
that any small particles passing through the narrow end of the slot will be washed out 
through the wide end, instead of blocking the slot. 



[0046] Although the invention has been described and illustrated with reference to 
exemplary embodiments thereof, it will be understood by those skilled in the art that 
various changes, omissions, and additions may be made thereto, without departing 
from the spirit and scope of the invention as recited in the attached claims. For 
example, although the digester 10 shown in Figure 1 has been described as operating 
in a batch process, the screens of the present invention may equally be applied to a 
continuous-flow digester. In a continuous-flow digester, the constant movement of 
the chips past the screens 26 and 28 may assist in promptly dislodging chips that 
become lodged in the mouths of the slots 80. 





